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We propose an explanation of the galactic center gamma ray excess by supersymmetric WIMPs
as heavy as 500 GeV. The lightest neutralino annihilates into vector-like leptons or quarks which
cascade decay through intermediate Higgs bosons. Due to the long decay chains, the gamma ray
spectrum is much softer than naively expected and peaks at GeV energies. The model predicts
correlated diboson and dijet signatures to be tested at the LHC.
I. INTRODUCTION
An excess in the gamma ray flux originating from near
the center of the Milky Way was first observed in the
Fermi-LAT data by Ref. [1]. In the same work an ex-
planation in terms of annihilating dark matter was pro-
posed. While subsequent analyses have confirmed the
significance of the signal [2–9] the modeling of the dif-
fuse gamma ray emission in the galactic center region
remained a source of concern. In Ref. [10] a comprehen-
sive attempt to quantify the systematic uncertainties in
the gamma background was made. The excess remained
robust against variations in the diffuse emission models.
While plausible astrophysical interpretations in terms of
millisecond pulsars [11] or cosmic ray bursts [12, 13] have
been proposed, dark matter annihilation remains one of
the prime explanations of the residual signal – in partic-
ular since its morphology matches the expectation from
standard dark matter profiles. In Ref. [10] it was real-
ized that the inclusion of systematic errors allows for a
harder gamma spectrum compared to the early analyses
(see also Ref. [14]). This trend continued with the re-
cently published Fermi-LAT analysis [15] which includes
additional systematic uncertainties beyond Ref. [10] in
the modeling of the innermost part of the diffuse emis-
sion. The Fermi-LAT study was used in Ref. [16] to show
that ordinary WIMPs with masses of 35 − 165 GeV can
fit the gamma ray excess within uncertainties if they an-
nihilate into bottom quarks1. Additionally, dark matter
masses of up to 300 GeV became allowed for annihila-
tion into Higgs bosons and top quarks. In this letter we
wish to show that the range of allowed masses extends
further as soon as non-standard final states are consid-
ered. We focus on the case, where WIMPs annihilate into
intermediate particles which then cascade down to stan-
dard model states. As a realization we consider the min-
imal supersymmetric standard model (MSSM) extended
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1 In Ref. [16] a preliminary version of the Fermi-LAT analysis was
used [17].
by a singlet and a vector-like 5-plet of SU(5) [18–23]. In
UV derived models the presence of vector-like states with
TeV masses can be linked to the solution of the supersym-
metric µ-problem [22, 24, 25]. Their existence has also
been postulated in order to explain the large mass of the
standard model Higgs boson [26]. Given they come in
complete GUT multiplets the attractive feature of gauge
coupling unification is preserved. The singlet fermion is
identified with dark matter and dominantly annihilates
into vector-like leptons (or quarks). While in the MSSM,
the correct dark matter relic abundance is only realized
in very specific corners of the parameter space, the singlet
density easily matches Ωh2 ∼ 0.12. The decay chain of
the vector-like leptons and further fragmentation results
in a continuum of gamma rays which is much softer than
that of standard model final states. This remains the case
even for dark matter masses ∼ 500 GeV, where the spec-
trum looks surprisingly similar to the residual spectrum
in the galactic center as observed by Fermi-LAT [15].
II. THE GALACTIC CENTER GAMMA RAY
EXCESS
In order to test the gamma ray spectrum of the pro-
posed model against the galactic center excess, we de-
velop a χ2 test based on the results of the recent Fermi-
LAT analysis. Before commenting on the specifics of the
analysis we begin by determining the gamma-ray flux and
illustrating the choices made for the dark matter distri-
bution and associated uncertainties.
The gamma-ray flux arising from self-conjugate dark
matter particles annihilating into all possible final states
f in the Galactic dark matter halo can be expressed as
dN
dE
=
1
2m2χ
J
∑
f
〈σv〉f
4pi
dNf
dE
. (1)
Here, m2χ is the dark matter mass, while 〈σv〉f and
dNf/ dE are the velocity averaged annihilation cross-
section and the spectra of photons obtained for a given
final state f respectively. J , which contains both the line-
of-sight and solid angle integrations, is defined through
J =
∫
∆Ω
dΩ
∫
los
ds ρ (r)
2 ≡ J Jcan , (2)
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2where ρ(r) is the dark matter halo profile centered around
the galactic center, ∆Ω is the region of interest which for
Fermi-LAT is a 15◦×15◦ box around the galactic center,
and s is the line-of-sight.
Jcan is the central value of J . This quantity corre-
sponds to the central values in the parameters describing
the dark matter distribution. Therefore J parametrizes
the uncertainty in the dark matter distribution as a devi-
ation from the canonical profile Jcan. Here we choose the
(generalized) Navarro-Frenk-White (NFW) profile [27]
ρ(r) = ρ0
(r/rs)
−γ
(1 + r/rs)3−γ
, (3)
with the canonical profile corresponding to a local dark
matter density of ρ(r) = 0.4 GeV/cm3 (where r =
8.5 kpc is the distance between the Sun and the galactic
center), scale radius rs = 20 kpc and γ = 1.2. We follow
the analyses of Refs. [10, 16, 28, 29] which estimate the
uncertainties to be ρ(r) = (0.4± 0.2) GeV/cm3 and γ =
1.2 ± 0.1. This translates into the allowed range of J ∈
[0.14, 4.4] with Jcan = 1.08× 1023 GeV2/cm5.
We now require a goodness-of-fit test for the gamma-
ray spectrum based on the results of the Fermi-LAT anal-
ysis [15]. In this analysis they developed four special-
ized models for the diffuse gamma-ray background, which
when subtracted from the data all lead to non-negligible
residuals. We extracted the spectrum of the excess by
subtracting the modeled diffuse gamma-ray background,
as given in Fig. 12 and 17 of Ref. [15], from the data. To
account for additional systematic uncertainties, we then
varied the normalization of the central inverse Comp-
ton component by ±50% as motivated by the fits in the
Fermi-LAT analysis [15]. Based on the extracted spectra,
the mean and variance for each energy bin is determined.
The statistical contribution to the variance is estimated
from Ref. [17] using the number of events per energy bin.
In Fig. 1 we depict the final spectrum of the excess in-
cluding the derived uncertainties. These are then used
to define a χ2 test statistic.
To validate our interpretation of the Fermi-LAT anal-
ysis we perform a ∆χ2 fit under the assumption that
dark matter annihilates purely to a b¯b final state. This
final state is not directly related to our scenario and only
serves for the comparison with previous analyses. The
resulting gamma-ray spectrum as a function of the dark
matter mass is taken from Refs. [30, 31]. Utilizing the
flux normalization given in Eq. (1), the parameter re-
gions consistent with a ∆χ2 at the 1 and 2σ level as well
as the best fit point, with χ2min/d.o.f. = 0.98, are shown in
Fig. 2. Also shown in this figure are the resulting best fit
contours from Ref. [16]. Here the two disconnected con-
tour regions are the result of fitting two different best fit
spectra from the Fermi-LAT analysis. The authors argue
that the region connecting these two contours is also al-
lowed as each contour represents an extreme choice of the
interstellar emission model. By including all diffuse inter-
stellar emission models and varying the inverse Compton
component our analysis effectively encompasses uncer-
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FIG. 1. Energy spectrum of the galactic center gamma ray ex-
cess and uncertainties obtained in our analysis. Also shown is
the best fit spectrum for dark matter annihilating into bottom
quarks and an envelope showing the spread of the Fermi-LAT
best-fit exponential cut-off power law spectra.
tainties arising through this choice of model. Also in-
cluded in Fig. 2 are the limits on the annihilation cross
section from dwarf galaxies. For the canonical dark mat-
ter profile (J = 1) these exclude the entire parameter
space favored by the galactic center excess. However, a
slightly steeper profile (J & 2) – well within uncertain-
ties – reconciles the excess with the dwarf limits. The
spectrum of the best-fit b¯b point (as indicated in Fig. 2)
is depicted as a blue line in Fig. 1. In addition we show
our derived energy spectrum of the galactic center ex-
cess along with an envelope which encompasses the dif-
ferent Fermi-LAT spectra assuming an exponential cut-
off power law. These were obtained in Ref. [15] by fitting
an excess component with this spectral form to the four
mentioned diffuse emission models. While these fits have
insufficient spectral freedom to pick up all residuals, it
is noted in Ref. [15] that they cannot be ruled out due
to the limitations in modeling the interstellar emission.
In our goodness-of-fit test they would receive χ2/d.o.f.
between 1.1 and 2.1.
III. THE GALACTIC CENTER EXCESS IN A
SUPERSYMMETRIC MODEL
We consider the MSSM extended by a singlet as well
as one copy of vector-like matter superfields transform-
ing as 5 + 5¯ under SU(5). These contain a lepton-like
SU(2)L doublet, Lˆ5 = (νˆ5, ˆ`5), as well as a right-handed
down-quark-like superfield, Dˆ5. The corresponding su-
perpotential reads
W = WMSSM +
µS
2
Sˆ2 + κSˆ3 + (µL + λLSˆ)
ˆ¯L5Lˆ5 (4)
+ (µD + λDSˆ)
ˆ¯D5Dˆ5 + Y
′
DDˆ5QˆHˆd + Y
′
LEˆLˆ5Hˆd ,
3FIG. 2. Parameter regions consistent with the Fermi-LAT
gamma-ray excess at 1σ and 2σ. Annihilation of dark matter
into bottom quarks is assumed. The green regions refer to our
analysis, while the orange regions were obtained in Ref. [16]
for two different diffuse emission templates (see text).
where we have suppressed color, SU(2) and generation
indices. Here, WMSSM denotes the MSSM superpoten-
tial and Qˆ and Eˆ the MSSM quark doublet and right-
handed charged lepton superfields, respectively. In our
notation, hats are assigned to all superfields; in what fol-
lows, R-parity-odd fields receive a tilde. The presence of
the Y ′ couplings avoids a Z2 symmetry and allows the de-
cay of the otherwise stable vector-like states. In general,
Y ′ has three entries, but we make the assumption that
only the third component is non-vanishing to avoid lim-
its from flavor changing observables. The scalar singlet
can be decomposed into its CP-even and CP-odd com-
ponents hs and as. In the absence of a SˆHˆuHˆd term in
the superpotential, mixing of the singlet with the MSSM
Higgs bosons can be neglected. For our analysis we have
used the Mathematica package SARAH [32–37] and slightly
modified the NMSSM+VL/5plets model as provided with
Ref. [38]. The interface to the spectrum generator SPheno
[39, 40] enables the computation of the mass spectrum
[41, 42].
We consider the scenario where the singlet fermion,
S˜, is the dark matter candidate. The dominant anni-
hilation final states, if kinematically allowed, are pairs
of vector-like leptons or quarks which then further de-
cay via the couplings Y ′L and Y
′
D. Due to the strong
LHC constraints on vector-like quark masses, we will fo-
cus on the case where only the vector-like leptons are
lighter than S˜. The annihilation then proceeds via t-
channel L˜5 exchange and s-channel mediation via the
pseudoscalar as (see Fig. 3). For t-channel exchange,
λL and the mass of the slepton determine the efficiency
of the annihilation, while s-channel mediation requires a
non-negligible self-coupling κ for the S˜ S˜ as vertex. For
the calculation of the dark matter relic density and the
gamma ray spectrum, we use MicrOMEGAs-4.2.5 [43–48]
S˜
S˜
aS
L5
L5
S˜
S˜
L˜5
L5
L5
FIG. 3. Relevant diagrams for singlino dark matter annihila-
tion.
through the interface with SARAH. As the annihilation
does not involve highly energetic electrons or muons, we
neglect bremsstrahlung and inverse Compton contribu-
tions.2 The dark matter distribution is modeled with
the NFW profile as described in Eq. 3. The goodness-of-
fit to the galactic center excess is obtained from our χ2
measure as described in Section II.
The decay pattern of the vector-like leptons strongly
depends on kinematics. In Tab. I we specify the branch-
ing ratios for three different masses. As the vector-like
leptons couple to Hd, decays into the heavy CP even,
CP odd and charged MSSM Higgs bosons H, A and H±
dominate as long as they are kinematically accessible.
Below their production threshold, the relevant modes in-
volve the light Higgs or an electroweak gauge boson. For
mL5 < 125 GeV only the decays into gauge bosons sur-
vive.
mL5 105 GeV 250 GeV 450 GeV
`5 → τ + Z 99.8% 54.7% 12.5%
`5 → τ + h − 45.3% 15.0%
`5 → τ +H − − 35.2%
`5 → τ +A − − 37.3%
ν5 → τ +H± − − 73.3%
ν5 → τ +W 100% 100% 26.7%
TABLE I. Branching ratios of the vector-like leptons for three
different masses. The heavy MSSM Higgs boson masses are
taken to be mA = 360 GeV and mH = 367 GeV.
The MSSM Higgs bosons dominantly decay as h→ bb¯,
H± → tb and H/A → tt¯ or bb¯ depending on kinematics.
It is mainly the combination of the masses mS˜ , mL5 and
mA which fixes the gamma ray spectrum. In order to
match the Fermi-LAT excess the gamma ray flux should
be rather soft, peaking at GeV energies, see Fig. 1. This
is a non-trivial constraint if we consider dark masses up
to several hundreds of GeV. First of all, a large mass gap
between the singlino and the vector-like leptons should
2 The latter could become important if Y ′L contained non-vanishing
first or second entries opening the decay of L5 into electrons or
muons.
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FIG. 4. Energy spectrum of the galactic center gamma rays
for three different singlino masses. Also shown are the resid-
uals as obtained in Section II as well as the envelope of the
Fermi-LAT best-fit spectra assuming an exponential cut-off
power law spectrum.
be avoided as it would lead to undesirable smearing of
the spectrum. Even if the dark matter mass resides close
to mL5 , the vector-like lepton decay leads to a strong en-
ergy release. Fortunately, through the following hadronic
cascade this energy is distributed between a large num-
ber of final states. In Fig. 4 we depict the gamma ray
flux for the three example spectra of Tab. I where we
set mS˜ = mL5 + 10 GeV. The normalization factor J
of each spectrum is chosen to minimize χ2. The light
singlino case provides a good fit χ2/d.o.f. = 0.93 to the
Fermi-LAT excess with the gamma rays mainly stemming
from electroweak gauge bosons. Indeed, the spectrum
resembles the one of dark matter directly annihilating
into WW bosons (see e.g. [16]). For the intermediate
singlino mass, the fit becomes poor (χ2/d.o.f. = 1.57)
as the decay products of the vector-like leptons expe-
rience a significant boost. The shoulder at the end of
the spectrum origins from the highly energetic taus. For
even higher singlino masses the fit improves again to
χ2/d.o.f. = 1.02. For this mass the decays of the vector-
like leptons into heavy Higgs bosons become kinemati-
cally accessible. Consequently the number of final states
in the hadronic showers increases and the gamma ray
spectrum becomes softer again.
While the spectrum with the largest singlino mass falls
into the 1σ range of our goodness-of-fit test it appears
not to capture the residual spectrum at E . 2 GeV very
well. However, it should be noted that gamma ray spec-
tra from dark matter annihilation rather generically take
the (approximate) form of an exponential cut-off power
law [16]. As mentioned, Fermi-LAT has provided best
fit spectra of this form for their different diffuse back-
ground models, their resulting envelope is also shown in
Fig. 4. Our high mass spectrum bears resemblance with
the best exponential cut-off power law spectrum for the
intensity scaled pulsar model of interstellar emission as
we show in Fig. 5. The dark matter spectrum with the
light singlino fits the low energy part of the excess better,
but the trade-off is a worse fit at higher energies (simi-
lar as for annihilation into bottom quarks, see Fig. 2).
Hence, we regard the heavy singlino as an equally valid
explanation of the galactic center excess.
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FIG. 5. Galactic center gamma ray emission including a dark
matter component (cyan line) for the Fermi-LAT intensity
scaled pulsar model of interstellar emission (see [15] for de-
tails). In the upper panel the dark matter signal refers to the
best-fit exponential cut-off power law spectrum, in the lower
panel to the predicted spectrum in our model (heavy singlino
case).
We shall now turn to the normalization of the gamma
ray spectrum and apply the constraints from dwarf galax-
ies.3 To make the singlino a thermal dark matter can-
3 The dwarf limits are only available for limited types of dark mat-
5didate its freeze-out cross section must be 〈σv〉FO =
2−3×10−26 cm3/s. This can easily be achieved through
the diagrams of Fig. 3 with an appropriate choice of the
coupling λL. Given today’s annihilation cross section
matches the one at freeze-out, the normalization of the
gamma ray flux is fixed up to the uncertainty J in the
dark matter profile. For the light singlino, the best fit
gamma ray spectrum of Fig. 4 is obtained for J = 3.0
if a thermal cross section is imposed. This value is large
enough to satisfy the constraints from dwarf galaxies and,
at the same time, is well within the astrophysical uncer-
tainties J ∈ [0.14, 4.4] we consider as realistic. Hence,
the light singlino provides an attractive explanation to
the galactic center excess in terms of a thermal WIMP.
As the intermediate mass singlino is not of interest
due to its poor fit to the Fermi-LAT spectrum, we di-
rectly turn to the heavy singlino case. Given a thermal
cross section, the best fit gamma ray spectrum of Fig. 4
requires J = 8.8. This is somewhat beyond the allowed
range of J . We checked that the problem persists for
all spectra with heavy singlinos mS˜ > 300 GeV. In this
mass window – if one is not willing to push astrophysical
uncertainties, e.g. by invoking more strongly contracted
dark matter profiles – one needs to resort to mechanisms
that enhance today’s annihilation cross section over the
one at freeze-out. In the following we discuss two ex-
plicit mechanisms which result in Ωh2 within the mea-
sured range [49] as well as a proper normalization to the
galactic center excess with J . 4: bino coannihilation
and a pseudoscalar resonance.
Bino coannihilation For a small mass splitting ∆M
between S˜ and the bino B˜, coannihilation becomes
important for the thermal cross section. As the bino
interacts weaker than the singlino, this will in total
reduce 〈σv〉FO. If one then adjusts the coupling λL to
keep the relic density fixed at Ωh2 ≈ 0.12, one effectively
enhances today’s annihilation 〈σv〉 compared to the
case without coannihilations. For the heavy singlino
spectrum of Fig. 4 this mechanism allows to reduce the
required J down to J = 3.1. For further illustration,
Fig. 6 shows a scan over mA and ∆M while keeping the
singlino mass and the relic density fixed through adapt-
ing λL. Requiring J ≤ 4.4 the galactic center excess is
fit within 1σ for mass splittings up to ∆M ∼ 2.5 GeV
and not too large mA. The region at mA & mS˜ is
excluded as the gamma spectrum becomes too hard. In
this range the decay of the vector-like leptons via A, H
is phase-space suppressed or forbidden and the decay
products are very boosted. Small mA . 300 GeV is,
furthermore, excluded by LHC Higgs searches in the
ττ -channel [50].4 Another constraint ∆M & 1 GeV
ter annihilation final states like bb¯ and W+W−. As the latter
spectrum is most similar in shape to our scenario, we infer the
corresponding bounds by fitting our spectrum to a WW spec-
trum with a free dark matter mass and annihilation cross section.
4 We chose a value of tanβ = 7 and obtain the limit with the tool
HiggsBounds [51–53].
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FIG. 6. Parameter scan indicating gamma ray spectra which
fit the galactic center excess at 1σ (dark green) and 2σ (light
green) depending on the MSSM pseudoscalar mass and the
bino-singlino mass splitting. We set mS˜ = 387 GeV, mL5 =
382 GeV, mL˜5;1,2 ≈ 500 GeV, tanβ = 7.5, κ = 0. The relic
density is fixed at Ωh2 ≈ 0.12 by adjusting the coupling λL as
indicated by the purple contours. On the right y-axis we show
the maximal diphoton cross section at 13 TeV from the added
signals of hs and as, see Sec. IV. The area marked in red is
in conflict with LHC searches for a heavy Higgs decaying to
ττ [50]. The blue contour at the bottom would be obtained
if the current gamma ray limits from dwarf galaxies became
stronger by 50%.
arises if one requires the model to remain perturbative
up to the GUT scale. At smaller ∆M , the correct relic
density enforces a value of λL > 0.63 which would lead
to a Landau pole in the RGE running of this coupling
at intermediate scales [18, 22]. Gamma ray limits from
dwarf galaxies are close in sensitivity but do not yet lead
to an exclusion. Hence, it survives a viable region of
parameter space in which a thermally produced heavy
singlino can explain the galactic center excess while
satisfying all constraints.
Pseudoscalar resonance A further possibility to en-
hance 〈σv〉/〈σv〉FO opens up near the pseudoscalar s-
channel resonance if the mass splitting mas − 2mL5 is
sufficiently small: while today’s annihilation cross section
S˜S˜ → as peaks at mS˜ = mas/2, the thermal cross sec-
tion already peaks at slightly smaller dark matter masses
due to the higher momentum in the early universe. Be-
cause of this relative shift of the peaks, today’s annihi-
lation cross section is enhanced with respect to the one
at freeze-out for mS˜ & mas/2. In Fig. 7 we scan the
singlino mass around mas/2. We show the relic density
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FIG. 7. Dependence of the relic density and the ratio of
velocity-averaged annihilation cross sections today and at
freeze-out on the mass of the singlino with fixed mas =
748 GeV and mL5 = 374.5 GeV, using κ = 2.4 · 10−2,
mA = 334 GeV, tanβ = 7, λL = 0.63. The green line in-
dicates the observed dark matter relic density.
as well as 〈σv〉/〈σv〉FO as a function of the singlino mass
using κ = 2.4 · 10−2. The apparent broad width of the
resonance at lower masses is due to the open decay chan-
nels as → S˜S˜. Above the resonance, where 〈σv〉/〈σv〉FO
reaches its maximal value, the as decay into two singli-
nos is forbidden but as → L5L¯5 becomes kinematically
allowed. A parameter point with the correct dark matter
density is marked by the solid gray line, indicating a rela-
tive cross-section enhancement of 〈σv〉/〈σv〉FO ≈ 5. The
corresponding gamma spectrum fits the galactic center
excess within 1σ. For singlino masses around 390 GeV,
a destructive interference between the s- and t-channel
diagrams leads to a small peak (dip) in Ωh2 (the cross
section ratio). At higher dark matter masses, the annihi-
lation mechanism is dominated by the L˜5 t-channel and
〈σv〉/〈σv〉FO approaches unity.
Finally, we have checked that the monochromatic
diphoton line which is emitted by singlino annihilation
at loop order is consistent with existing bounds [54]
for all considered spectra. In addition, we have used
MicrOMEGAs to calculate the dark matter induced an-
tiproton flux taking propagation parameters from the re-
cent boron to carbon analysis [55]. The predicted flux is
not excluded but close to the sensitivity of AMS-02 [56].
IV. COLLIDER SIGNATURES
In this section we consider collider constraints and pos-
sible new signals of the particles introduced beyond the
MSSM. The most stringent constraints in this new sec-
tor arise on vector-like quark masses. These limits re-
quire mD5 & 750 GeV [57]. In contrast, there are no
direct LHC constraints on heavy charged vector-like lep-
tons. The best constraint originates from LEP searches
for heavy charged leptons [58] which imposes the bound
mL5 & 100 GeV.
The scalars hs and as can be produced at the LHC
through loops of both the fermionic and scalar compo-
nents of the vector-like quark superfields. The typical
signature depends on the mass of the vector-like leptons.
If decays of hs and as to the vector-like leptons are kine-
matically allowed then the final states are determined
by the branching ratios shown in Tab. I. For instance if
mL5 = 105 GeV then the two dominant final states would
be τ+τ−ZZ and ντ ν¯τW+W− for the charged and neu-
tral vector-like lepton mediators respectively. However,
both of these final states are not directly constrained by
current LHC searches.
The alternative scenario, where decays of the scalar
to vector-like leptons are kinematically forbidden, typi-
cally leads to more promising LHC signatures. In the
absence of the superpotential term5 λSSˆHˆuHˆd the de-
cays of both the CP-even and odd component scalars, hs
and as respectively, proceed through the same loops as
the production modes as shown in Fig. 8. This leads to
both dijet and diphoton signatures at the LHC, where the
diphoton channel also receives additional enhancement
due to vector-like leptons running in the aforementioned
loops. Note that other diboson channels are also possible
through the same loop diagrams, however the diphoton
channel is experimentally more promising.
Preliminary data of the CERN LHC [59–62] hinted at
the existence of a new resonance at 750 GeV with a large
diphoton cross section σγγ (defined as the product of
production cross section and diphoton branching ratio)
which at the time of writing appears to be a statistical
fluctuation after the accumulation of more data [63, 64].
Note, however, that cross sections of σγγ . 3 fb are still
compatible with data. Motivated by this excess we illus-
trate the discovery potential in such a channel: Fig. 6
shows the maximum diphoton cross section at 13 TeV.
This result is based on a number of assumptions. Firstly
we have shown the sum of the cross sections obtained for
both hs and as as calculated using SARAH/SPheno assum-
ing mhs = mas = 750 GeV. In addition, the contribu-
tion from hs can be enhanced via large supersymmetry-
breaking trilinear couplings TLS
˜¯L5L˜5 although this pos-
sibility is limited by vacuum stability [22, 65]. Subse-
quently we have taken TL to be the maximum value
compatible with the assumption of a stable vacuum. We
5 Assuming a non-vanishing coupling λS leads to non-negligible
mixing of hs and as with the MSSM Higgses. This opens up
new tree-level decay modes which dominate over the loop induced
decay modes. The most striking of which are decays intoW+W−
and ZZ if hs mixes with the standard model-like Higgs. The
other possibility is mixing with the heavy Higgs. In which case
the dominant decay modes are to standard model fermions.
7S
D̂5 D̂5,L̂5
FIG. 8. Schematic diphoton production and decay. The solid
lines in the loops stand for both scalar and fermionic compo-
nents of the superfields Dˆ5, Lˆ5.
stress that the results we find can be generalised to other
values of the mass and production rate at the LHC with-
out affecting the dark matter properties: in contrast to
the singlino mass and couplings, the singlet mass and
couplings depend on the soft-breaking parameters in the
model.
V. CONCLUSION
In this letter we proposed an interpretation of the
galactic center gamma ray excess in terms of thermal
WIMPs. We showed that if dark matter annihilates into
particles with long decay chains, the required soft gamma
ray spectrum is obtained for dark matter masses as large
as 500 GeV. As a realization we considered the minimi-
mal supersymmetric standard model extended by a sin-
glet and a vector-like 5-plet of SU(5). The singlet fermion
is identified with the dark matter and naturally obtains
a relic density Ωh2 ' 0.12 through standard thermal
freeze-out. The vector-like leptons which occur as final
states in its annihilation induce a continuum of gamma
rays. We find two windows in which the spectrum fits
the Fermi-LAT excess. The first one requires dark mat-
ter masses 100−150GeV and features electroweak gauge
bosons as products of the vector lepton decays. A second
window at dark matter masses 300 − 500 GeV opens if
the decay of the vector-leptons through the heavy MSSM
Higgs bosons is kinematically accessible. In this case the
long cascade decay of the heavy Higgses produces the re-
quired GeV gamma rays. For the heavy singlet fermion,
proper normalization of the gamma ray flux requires ei-
ther a rather steep dark matter profile, or a slight en-
hancement of the annihilation cross section today com-
pared to the early universe. We provided simple thermal
mechanisms leading to this result.
As a possible test of this scenario we suggested to
search for the scalar superpartner of dark matter which
could induce striking dijet or diboson signatures at the
LHC. As a showcase we used the previous hints of ATLAS
and CMS for a diphoton excess at 750 GeV and found
that the diphoton cross section at this energy can reach
values up to O(few fb). This result easily generalizes
to other masses and suggests a high discovery potential.
In addition to the scalar, the proposed model requires
vector-like leptons and quarks close to the current exper-
imental limits.
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